Three-dimensional Multi-User Virtual Environments (MUVEs) are being increasingly used in many areas, and they are becoming more and more integrated with learning and teaching. MUVEs can be used in learning and teaching to facilitate student learning and collaboration. This study identified the effects of MUVEs on collaborative learning and social presence and investigated whether these effects varied by gender. The participants were sophomore students attending a programming language course. They used a MUVE for their group meetings as part of their collaborative work. They also held voice communication. A four-section questionnaire was administered to the students who attended the meetings, in which the researchers served as facilitators. Interviews were held with randomly selected students. In addition, the group project meetings were tape-recorded, and field notes were taken for each meeting. The results showed that the MUVE enabled the group members to exchange ideas in an authentic environment, and that the file-sharing platform used as a complement to the MUVE reinforced collaborative learning. As long as technical problems are prevented, effective collaborative learning can be achieved in these environments.
Introduction
Rapid advances in information and communication technologies have led to an increase in the use of three-dimensional Multi-User Virtual Environments (MUVEs) in many areas (Blas, Bucciero, Mainetti, & Paolini, 2012) especially in the video game industry. In the meantime, changing students' needs and increasing use of technology in education lead educators to move on different technologies in educational area. During these developments, MUVEs are becoming more and more common in education as a new technology most specifically to create authentic learning environments (Doğan, Çınar, & Tüzün, 2018) . MUVEs are seen as an important technology to facilitate learning process if it is integrated into education within a well-designed educational context (Blas et al., 2012) . Especially, the academic world and educators has been quite interested in the use of MUVEs (Dickey, 2000; Doğan, Çınar, & Tüzün, 2018; Messinger et al., 2009; Poppe, Brown, Recker, Johnson, & Vanderfeesten, 2017) since their future of being effective in remote collaborative learning environments due to their immersion, interaction and communication capabilities (Ibanez, Rueda, Maroto, & Kloos, 2013) . According to the 2007 Horizon Report, three-dimensional environments can potentially be used in future educational processes, and developments in open sources and standards will bring MUVEs closer and closer to formal educational methods with each passing year (EDU-CAUSE, 2007) .
MUVEs are defined as persistent and dynamic simulated three-dimensional environments that are characterized by rich graphics, high-quality sound, motion, perspective, and interaction (Schultze & Orlikowski, 2010) . Virtual environments are three-dimensional environments in which people can move around using avatars, interact with others, manipulate objects, and get information (Sallnas, 2005) . The design of modern virtual environments has been predominantly pseudo-realistic. This is not a photorealistic design, but a design in which designers assemble components from the real world (McCreery, Schrader, Krach, & Boone, 2013) . Originally introduced as video game environments, virtual worlds have received wide currency in the business world and educational settings in the form of project management, online learning, and simulations (Schultze & Orlikowski, 2010) . Educational MUVEs combine two-dimensional and three-dimensional virtual worlds in which users are represented by avatars (Cobb, Neale, Crosier, & Wilson, 2002; Nelson, Ketelhut, Clarke, Bowman, & Dede, 2005) . Using avatars provide users to explore three-dimensional worlds, to interact with objects, to communicate with other users, and to participate in collaborative activities. Each virtual world has its own visual theme, mechanisms, and intra-world activity groups. A common practice in most MUVEs is collaborative activities (Annetta & Park, 2006; Bruckman, 1996; Bruckman, 2000; Clarke, Dede, Ketelhut, & Nelson, 2006; Corbit, 2002; Dickey, 2000; Dickey, 2003; Nelson et al., 2005) . In some studies, virtual environments defined as Collaborative Virtual Environments (CVEs) in which users can share virtual objects, communicate and work together through 3D spaces (Chellali, Milleville-Pennel, & Dumas, 2013; Poppe et al., 2017) .
Social presence concerns the realism of these environments. It refers to the extent to which people are significant in their interpersonal interactions. Social presence theory is used to determine whether an environment can enable its users to feel that they are physically present in an environment. Using face-to-face communication as a standard, social presence relies not only on words, but also on non-verbal body language and content (Rice, 1992) . Research on online discussion environments suggests that technological media has the ability to generate the feeling of presence (Bosch-Sijtsema & Haapamaki, 2014; Gunawardena & Zittle, 1997; Leh, 2001; Poole, 2000; Rourke, Andersın, Garrison, & Archer, 2001 ). Especially, virtual environments' capability of producing a sense of presence is underlined in literature (Davis, Murphy, Owens, Khazanchi, & Zigurs, 2009; Zhao, 2003) . Avatars are seen as the most effective tool in virtual environments to provide social presence (Bosch-Sijtsema & Haapamaki, 2014; Davis et al., 2009; Zhao, 2003) .
Project-based collaborative work has been used intensively in both business and education. In addition, there are more and more people who attend online distance learning programs. Therefore, studies have focused on how project groups should meet and solve problems associated with their collaborative work. The distance between users is a significant factor in this respect. In collaborative work, it is likely that physical distance between users will negatively affect productivity. Swan (2003) asserted that educational activities should be restructured in a way to reduce the psychological and emotional problems brought on by distance. This is because, as stated by Salmon (2004) , collaboration is only possible when users feel at ease and are provided with the opportunity for online socialization. MUVEs have different features that provide project members to interact with avatars and enable distant team members to collaborate in project studies. Thus, sense of presence and social interaction option through MUVEs can provide a sense of shared space among the distributed team members which can affect the group performance positively (Bosch-Sijtsema & Haapamaki, 2014) .
Many researchers have reported that the distinctive interactive processes of collaborative learning offer many advantages (Hämäläinen, Manninen, Järvelä, & Häkkinen, 2006) . Moreover, it is important to provide sharing and developing new ideas among the distributed team members in collaborative team studies (Bosch-Sijtsema & Haapamaki, 2014) . MUVEs can be alternative ways to provide communication and collaboration among team members especially in distant team members. A review of the literature indicates that there are many studies on the use of information and communication technologies for educational purposes. However, few focus on the effectiveness of the use of three-dimensional MUVEs for group projects. There is limited research on the use of MUVEs, which are developed mainly for recreational purposes, for collaborative learning (Edirisingha, Nie, Pluciennik, & Young, 2009) . This study had students collaborate on a project in a three-dimensional MUVE to determine the effectiveness of the environment.
Research Question
The research question was: "What are the effects of three-dimensional Multi-User Virtual Environments on university students' collaborative learning and social presence during collaborative work on a group project?"
Methodology
This is a mixed-method study, using both quantitative and qualitative research methods. Adopting an ethnographic approach, a form of qualitative research, the researchers participated in project group work in the three-dimensional multi-user virtual learning environment and observed the procedures. Then, they held interviews with the participants. Finally, a questionnaire was administered to the participants to collect quantitative data.
Research Context and Participants
The participants were composed of sophomore students attending the course, Programming Languages II, as part of the curriculum of the Department of Computer Education and Instructional Technology at a large state university in Ankara, Turkey. Purposive sampling was used to select 35 students to meet regularly for collaborative work on a group project.
While 33% of the participants were female, 67% were male. More than half of them (60%) were intermediate computer users, and 40% were advanced. Only 40% of the participants had experience with MUVEs, and only 3% had an experience with collaborative learning activity in such an environment.
Procedures
This study used Active Worlds, an online three-dimensional multi-user virtual environment, which was developed to host many virtual worlds. Users can move around these virtual worlds using their accounts. They are represented by customized avatars. They can use written and voice communication (through VoIP). In addition, Dropbox was used as a file sharing environment to supplement the three-dimensional multi-user virtual environment.
Before the study, the researchers held test meetings in Active Worlds, during which they tested both written and voice communication. They created usernames and passwords for the participants. They discussed which application they would use for the meetings and worked on the design of the environment. Of the researchers, one facilitator was assigned to each project group. In addition, a meeting room was created on Active Worlds for each project group. Each meeting room included photographs of the students and the facilitator, which were linked to the personal webpages designed by the participants to introduce themselves. A four-week period was scheduled for the meetings, and the plan was to have at least one meeting per week with each group. Before the meetings, the students were informed by the instructor about the process and given "Principles about the Facilitators," a document prepared by the researchers and the instructor. The document described the relationships between the students and their facilitators as well as the duties of the latter. The researchers who would serve as facilitators cooperated with the instructor to collect information about their project group. Finally, the facilitators sent e-mails to the students in their groups to introduce themselves briefly and give them their usernames and passwords.
During the study, the facilitators held group project meetings in the MUVE with the project groups. Figure 1 shows a sample screenshot of a meeting. During the meetings, the facilitators observed student activities and the usability of the environment. As facilitators, the researchers checked on the students' work once or twice a week for four weeks and took field notes after each meeting. After four weeks of meetings in the MUVE, the Collaborative Learning, Social Presence and Satisfaction Questionnaire was administered to 30 students who had participated in at least one of the meetings. In addition, semi-structured interviews were held with 12 students, three randomly selected students from each group. Depending on availability, these interviews took place either face-to-face or on the Internet. With the students' consent, the meetings were tape-recorded and transcribed.
Data Sources
The Collaborative Learning, Social Presence and Satisfaction Questionnaire, developed by So and Brush (2008) , was adapted to the context of the three-dimensional MUVE. The qualitative data were collected through semi-structured interviews with questions created by the researchers. Field notes by the researchers were used as qualitative observation data.
The collaborative learning, social presence and satisfaction questionnaire
This questionnaire has four sections: demographics, collaborative learning, social presence, and satisfaction. The first section contains questions about the participants' gender and age as well as their experience with computers, MUVEs, and collaborative learning in a MUVE. The second section, which addresses collaborative learning, has 8 items, which were adapted to this research. The third section on social presence originally had 17 items. For this study, 5 items were excluded as inconsistent with the purpose of the study, resulting with 12 items. The 11 items in the last section, which attempts to measure the level of student satisfaction, were adapted and then used. The questionnaire thus had 36 items, 5 in the sub-dimension of demographics and 31 items in the sub-dimensions of collaborative learning, social presence, and satisfaction. The questionnaire uses a five-point Likert-type scale with these options: "Strongly Disagree," "Disagree," "Neutral," "Agree," and "Strongly Agree." The questionnaire was revised after consultation with two instructional technology specialists.
The semi-structured interview form
In accordance with the purpose of this study, the researchers developed a semi-structured interview form to collect information about the students' experience with the MUVE, its usability, and its contributions to communication, as well as about the effectiveness of the group projects and sharing. The form consisted of 12 questions in two sections. The first section asked questions about the MUVE, and the second section asked about the group activities during virtual meetings. The form was revised in accordance with the opinions of two instructional technology specialists.
Field notes and tape recordings
The researchers attended the meetings in the MUVE as facilitators. For each meeting, they took field notes to record their observations. Some meetings were tape-recorded in the form of streaming video. In the end, there were 28 pieces of field notes, one for each meeting.
Data Analysis
The data analysis involved the data from the questionnaire, the field notes, and the observation data. This study used triangulation, which is a widely recommended method for ensuring reliability in qualitative research (Denzin, 1970; Denzin, 1978; Patton, 1999) . All three components of triangulation were used: (1) multiple data collection methods, (2) multiple researchers, and (3) multiple sources of data. This study's multiple data collection methods were observation, the field notes, and the questionnaire. The transcripts of the interviews were coded by more than one researcher, which ensured that multiple researchers were involved in data analysis.
The field notes and interviews, the study's qualitative data, were subject to content analysis and themes were generated. The analysis of the data from the questionnaire, the study's quantitative data, involved frequencies, distribution of percentages, and an independent t-test. The level of significance for statistical analysis was 0.05.
Findings
The findings are presented under three headings: data from the questionnaire, field notes and interviews.
Data from the Questionnaire

Collaborative learning
The participants reported that their experience with collaborative learning in the MUVE was not better than faceto-face collaborative learning. In addition, most were neu- 
Collaborative learning environment in 3D MUVE is better than in a face-to-face learning environment. 14 47 10 33 3 10 3 10 0 0 tral about their level of satisfaction with the experience. Moreover, the dissatisfied participants outnumbered those who were satisfied. Slightly less than half of the participants (47%) described their level of satisfaction as "neutral," and 33% reported their dissatisfaction. Only 20% reported that they were satisfied (Table 1) . Furthermore, the participants did not agree with the idea that their problem-solving skills were developed through collaborative learning in the MUVE, nor did they think that collaborative learning in their group was effective. More than half of the participants (54%) said that the activities in the MUVE were not effective collaborative learning, and 56% reported that collaborative learning in the MUVE was time-consuming (Table 1) .
Social Presence
The participants reported that using the MUVE was a pleasant way to communicate with others, and that the MUVE was technically reliable. Half of the participants said that using the MUVE was a pleasant way to communicate with others. In addition, 40% said that the MUVE allowed relationships to be established based on sharing and exchanging information. However, 57% of them disagreed with the idea that the MUVE helped them establish social bonds with their group (Table 2) .
Satisfaction
It was found that the participants learned from their experiences in the MUVE, these experiences were useful, the activities assisted them in understanding other points of view, the facilitators met their expectations, and the diversity of the meetings helped them to express their opinions in the discussions. Even so, the MUVE did not fully meet their expectations or stimulate them to do additional research or activities.
Two-fifths of the participants reported that the activities in the MUVE were useful experiences. In addition, half of them said that the meetings in the MUVE helped them to express their opinions in the discussions. Nevertheless, the MUVE did not fully meet the expectations of 44% of the participants (Table 3) .
The results of the questionnaire were also analyzed by gender. The questionnaire forms were filled out by 30 participants (10 female and 20 male). The mean scores of the female and male participants in collaborative learning were 20.4 and 22.5, respectively. In other words, male participants had a slightly higher mean score in collaborative learning.
The mean scores of female and male participants in social presence were 30.4 and 36.9, respectively. The males had a higher mean score in social presence. The mean scores of female and male participants in satisfaction were 29 and 34.4, respectively. Again, the males had a higher mean score in satisfaction. The results of the t-test showed that the difference between the genders was only significant in the sub-dimension of satisfaction (t(28)= -2.13, p= .042).
Field Notes
Content analysis of the researchers' field notes yielded six categories.
The role of the facilitators
The need for guidance prevailed in the learning process in the MUVE. To meet this need, a facilitator was assigned to each group. The guidance of the facilitators helped to smoothly organize the project. In particular, their guidance focused on three issues: (1) problems with the group work, (2) instructions for using the environment (e.g. the location of the meeting rooms, how to activate sound, how to deal with technical problems and so forth) and (3) the management of collaborative group work. Half of the participants reported in the questionnaire that the facilitators met their expectations, which suggests that their presence in the environment was useful.
The usability of the environment
A look at the profiles of the participants indicates that 60% of them were intermediate computers users and 40% had experience with MUVEs. Some participants were completely at ease with using the environment during the meetings. However, others did need instructions. Four aspects of the environment's usability were analyzed: moving around with the avatars, going anywhere in the environment by following instructions, using the menus, and customizing the avatars. The students did not have difficulty moving around the environment, and a large majority of them were able to arrive at the meeting rooms by following the instructions. However, some participants needed instructions to use the menus. In addition, some participants reported that it would have been better if they had been informed by the facilitators about how to use the menus. Most of the participants did not customize their avatars. Some who noticed this feature were unable to customize their avatars because they could not figure out how to do so.
Technical Problems
There were several technical problems with the MUVE during group work. These problems were generally associated with the software, the participants' equipment, and poor Internet connections. The problem with the software was that the participants were frequently disconnected from the environment. This happened whenever the participants logged in to the environment. Another problem with the software was related to sound control during voice communication. When a connection problem occurred, the software reactivated the sound of those participants who had been muted. This made it necessary to mute them again and again, making the meeting process ineffective. The problems with equipment involved malfunctioning microphones or the lack of microphones, which made voice communication impossible. Finally, the process was hindered by the physical environment where the participants connected to the Internet, the capacity of the network that they were using, and connection speed. For example, some participants had to use written communication as an alternative to voice communication since their speech was occasionally interrupted because of a slow connection. This was especially the case for participants who were connecting to the Internet in dormitories, where the connections were slow because of network congestion. Some participants chose not to use voice communication in order not to disrupt others since they were connecting to the Internet at a library.
Communication and Interaction
In a virtual environment, written and voice communication should be trouble-free so that they can substitute for physical meetings. However, the success of communication, one of the crucial factors in the effectiveness of collaborative learning in a virtual environment, was not uniform in Active Worlds. Written communication was mostly trouble-free, but this was not the case for voice communication. The reasons for the malfunction in voice communication were technical problems with the software, Internet connections, and the participants' equipment. For example, one technical problem with the software was that some participants, who could hear others and speak to them in their previous logins, were unable to use hearing and speaking functions properly even though they had not modified their equipment or Internet connection. This problem, which occurred on several occasions and in a variety of forms, could not be overcome by the participants, and instructions from the facilitators were ineffective most of the time. In addition, some participants failed to Unlike the problems with the software, the problems with Internet connections and equipment were mostly overcome thanks to instructions from the facilitators or the individual efforts of the participants.
Collaborative Work
The MUVE was used to enable the groups to work in a collaborative learning environment. The participants usually collaborated to exchange ideas, shared the links to the materials and videos they had found and received instant feedback. Furthermore, the group members assigned tasks and checked each other's tasks, warning one another when necessary. In addition to the MUVE, Dropbox was also used for sharing files. The group members instantly revised their files in Dropbox in accordance with their discussions in the MUVE. In other words, they instantly put their ideas into practice in collaboration with the other group members. Using the MUVE and Dropbox together ensured that group work was based on collaboration.
With its features of written and voice communication, the MUVE was used for collaborative learning, while Dropbox was used for sharing.
Meeting Location
A specific meeting location was assigned to each group, and all members were asked to be in that room at the time of the meeting. For each group, the photographs of the members and their facilitator were included in the design of the meeting room. The field notes indicate that the group members participated in some of the meetings by positioning themselves under their own photographs. In addition, some students warned others to position themselves under their photographs, and there were some discussions about why it was necessary to do so. In other words, some students concluded from the presence of photographs that all participants had to position themselves under their own photographs, whereas others did not. This type of positioning was common among female participants, while the male participants did not follow this practice.
Interviews
The interviews with the participants of the group project meetings in the MUVE generated 11 categories.
Avatars
Most of the participants did not customize the appearance of their avatars by modifying their clothing or hair. Only a quarter of the participants customized their avatars. Generally, they did so to stand out or to create a sense of belonging: The reasons why the avatars were not customized were because the participants did not notice this feature, could not figure out how to do so or did not want to waste their time: Thanks to the avatars, the participants felt that they were communicating with real individuals. The participants reported that the avatars enabled them to feel as if they had been working side by side with others in the MUVE even though they were physically in different environments: 
Meeting Rooms
The participants reported that they were motivated and saved time by the existence of specific meeting rooms for the different groups: 
The Effect on Social Presence
The participants reported that the meetings were able to create the feeling of togetherness except when there were technical problems: They also reported that the avatars had a positive effect on social presence. The avatars helped them to have a sense of belonging to the environment. The participants also emphasized the importance of having somebody to communicate with in the environment: In addition, having a specific meeting room for each group created togetherness and enabled the participants to have a sense of belonging to the environment: Some participants reported that their photographs in the MUVE enabled them not only to have a sense of belonging to the environment and their groups but also to meet in the correct location when they first logged in to the environment: 
Design Recommendations
To increase the authenticity of the meetings, the participants recommended that meetings be held outdoors and that the environment have office equipment such as desks and chairs: In addition, the participants reported that the authenticity of the meetings could be increased by equipping the avatars with additional features such as the function of sitting on a chair.
Advantages
Thanks to the MUVE, communication contributed to the project processes. One advantage of the MUVE was the opportunity to discuss and share things. Participants mentioned that they could exchange their ideas by the help of MUVE: Another advantage of the MUVE was saving time:
Participant 6: "Before we used this environment, we had many time-related problems, and we could not meet often."
Most of the participants reported that the MUVE made it easier for them to meet:
Participant 9: "Since many of us were able to join, it made it easier for us to meet when we could not meet physically."
Participant 12: "It enabled us to meet more often."
Since the MUVE was easily accessible from anywhere with a computer and Internet connection, the group members were able to participate in the project meetings no matter where they were physically located. During the interviews, the participants described it as another advantage of the MUVE to be able to meet by connecting at their home, dormitory, or other places especially when they could not meet physically: Also, the participants said that the MUVE helped ensure collaboration among the students while they were working on their projects: 
Technical Problems
Most of the problems with the use of the environment were technical. The participants' experience was hindered, in particular, by the inability to use voice communication regularly and effectively, problems with logging in to the software, and difficulty staying connected to it. Initially, there were too many users in the environment at the same time, which negatively affected the process. Then, the groups began to use the environment at different times. This helped overcome some of the problems, but the environment was still not trouble-free. The participants emphasized some of these problems: 
Limitations
According to the participants, one of the limitations was the fact that the MUVE did not allow files to be shared. They also noted that they could not see what the other members of the group were doing, and they needed an additional instrument to do so: The inability to share files in the MUVE affected collaborative learning among the group members: 
Usability
The usability of a virtual environment is determined by how necessary instructions are, how easily people can find what they are looking for and how well they can interact with the interface. The evaluation of these factors provides clues as to the usability of the environment. In this study, the participants did not have much trouble with the usability of the virtual environment since they were already familiar with computers: One negative feedback on usability was that it was difficult for some participants to figure out how to customize their avatars:
Participant 5: "We tried to figure out how to customize our avatars, but without success."
The Effect on Collaborative Work
The effect of project work in the virtual environment on collaboration was analyzed by examining the extent to which the participants were able to use the features of the environment. Although voice communication was not highly successful because of the technical problems, the participants were able to exchange ideas by means of written communication. They were able to discuss the topics specified in the meetings and share files using additional devices such as Dropbox, which suggested that they were involved in basic collaboration. Here is some positive feedback on this issue: Even so, one participant reported that there was no effective control over the participants, which negatively influenced collaboration: According to the participants, the MUVE contributed to collaborative learning in terms of exchanging ideas during the project design and implementation: Another participant reported that the MUVE did not help much with the project, and that it can only be used for exchanging ideas in certain courses: The Advantages of Using Dropbox
One of the problems experienced by the participants was associated with sharing files. Working from different locations, the participants needed a way to share files. To meet this need, they used Dropbox. The data showed that the use of Dropbox for the project processes was useful for sharing and transferring information: The participants were able to follow their work by using Dropbox to access the files regardless of their locations: The interviews revealed that another advantage of using Dropbox was related to time. The participants reported that they saved time by sharing files and keeping track of their work with Dropbox: 
The Advantages of Using Dropbox and the MUVE Together
Dropbox was used to compensate for the inability to share files in the MUVE. In this way, the participants were able to make simultaneous amendments to the files and discuss a shared file as if they were communicating face-to-face. These were the positive effects of using Dropbox and the MUVE together. Here is how one participant described the way these two environments complemented each other: Participant 11: "It was very useful. Without Dropbox, it was difficult to transfer files in the MUVE. In addition, since our activities were mostly visual, it took a long time to transfer them over the Internet. It was even impossible on some occasions. Using Dropbox in the MUVE enabled our project work to be completed smoothly."
Discussion
MUVEs are reported to be promising environments to support collaboration and communication (Schultze & Orlikowski, 2010) . While the participants were carrying out collaborative learning activities in the MUVE, they felt as if they were working in an authentic environment. This was because they used their own avatars and their meeting rooms included their own photographs. In addition, the avatars and the meeting rooms created a feeling of togetherness. Avatars provide participants to engage in rich interactions that realizing the existence of the other team members in the environment. Avatars increases the sense of being with others by allowing participants to exchange ideas. Also, both avatars and design of meeting rooms provide authenticity by letting participants to navigate through the 3D world of MUVE (Bosch-Sijtsema & Haapamaki, 2014; Davis et al., 2009; Messinger et al., 2009; Tüzün, Alsancak-Sırakaya, Altıntaş-Tekin, Yaşar-Eren, 2016; Zhao, 2003) . The MUVE also overcame the problem of meeting as a group. The participants reported that the MUVE provided them with the convenience of logging in to the meetings wherever they were.
One advantage of the collaborative learning experience in the MUVE was voice communication. It helped the participants to express their ideas and listen to the ideas of their group members. Through written and voice communication, the participants were able to discuss their project work in the MUVE. However, voice communication could not be used effectively, and the participants mostly used written communication. This was because of both connection problems and technical problems caused by the system. It has been reported that written communication environments are not as effective as voice and video communication in giving individuals the feeling of social presence. This is because the number of words per second in written communication is much lower than that of speech. When individuals only use written communication, there will be less discussion, which has a negative influence on decision-making processes (Sallnas, 2005) . Therefore, project meetings in MUVEs must have voice or video communication for students to have a good experience.
Although the collaborative experience in the MUVE was generally useful, the meetings in the environment did not fully meet the expectations of the students. This was probably because there were disconnections and technical problems with logging in to and using the environment. In addition, the location from which the participants accessed the meetings in the MUVE affected their attendance and desire to participate. This is because different locations have different Internet speeds and bandwidths, which may affect the quality of connection to the MUVE. As a result, there were low attendance figures in some of the groups. A large majority of the participants (80%) considered face-to-face experience to be better than the MUVE experience for collaborative work on a group project. This was due to two main reasons. First, face-to-face communication is by nature more effective for interaction and sharing. Second, technical problems had a negative influence on the participants' performance in the MUVE.
In face-to-face collaboration environments, participants can collaborate simultaneously since they are working around a table so there is a high level of understanding for shared activities. On the other hand, in technology mediated collaboration there might be low level of awareness for collaborators due to the missing visual cues (Poppe et al., 2017) . Thus, technical problems that avoid effective communication among collaborators must be prevented in MUVEs to minimize the negative factors of distant collaboration in an online environment.
One limitation of the MUVE was that it did not offer a repository for sharing files. The participants needed to share their work instantly with their group members during the group meetings. Therefore, MUVEs should be integrated with file sharing environments. In this way, project work can be stored and shared in a common location. In addition, the opportunity to share and access project files from anywhere will enable group members to collaborate more quickly. Also, large-size files such as animation files can be shared with the group members. In this way, they will not have to meet physically to discuss the design of their projects, which, in turn, will enable them to save time.
In conclusion, project group meetings in MUVEs enable group members to exchange ideas and discuss through written and voice communication, creating a collaborative environment. These environments can be integrated with a file sharing platform so that group members can share files in an easier and faster way and thus enhance the effectiveness of their work. Since MUVEs cannot ensure satisfactory collaboration on their own, this integrated file sharing platform will enable project group members to work on project files simultaneously and exchange ideas regardless of time or location.
Conclusion and Implications for Future Research
In this study, the participants held project group meetings in the MUVE, where they were represented by avatars. They used both written and voice communication. As a complement to the environment, the participants used a file sharing platform, where project files were shared, followed and stored. Similar environments have been used in the literature for group work. These studies focus on social presence. Future research could use integrated MUVEs that involve voice, written, and video communication and allow file-sharing and whiteboarding. This can provide a synchronized virtual environment for users, and its effects on collaboration and social presence could be investigated. Future research could also study how these environments are used in software projects or social areas and thus identify how well they address a variety of needs.
